INTRODUCTION
============

Lower urinary tract symptoms (LUTS) are frequently associated with benign prostatic hyperplasia (BPH). BPH/LUTS commonly includes both storage symptoms (*i.e*., daytime urinary frequency, urgency, and nocturia) and voiding symptoms (*i.e*., straining, intermittent stream, and incomplete emptying), which can negatively affect quality of life (QoL) \[[@B1][@B2][@B3]\]. BPH/LUTS is common in both Asian and non-Asian men, with higher incidence in older men \[[@B4][@B5]\]. A current estimate indicates that the incidence of BPH/LUTS in Korea is 2105 per 100,000 men, which is predicted to rise with an increasingly aged population \[[@B5]\]. Often, men present with both BPH/LUTS and erectile dysfunction (ED), and the similar risk factors for these two conditions suggest shared aspects in their etiology and pathophysiology \[[@B3]\].

Until recently, α-blockers and 5-α-reductase inhibitors were the primary medications prescribed for BPH/LUTS in South Korea \[[@B6][@B7]\]. However, these treatments are not effective in all patients and are associated with side effects, including sexual dysfunction, that frequently lead to discontinuation of treatment \[[@B4][@B8][@B9]\]. The selective phosphodiesterase type 5 (PDE-5) inhibitor tadalafil (Cialis®; Eli Lilly and Company, Indianapolis, IN, USA), originally approved in South Korea as a treatment for ED, has been approved since 2012 to treat men with BPH/LUTS with or without ED \[[@B10]\]. The effectiveness and tolerability of tadalafil for this indication has been established in placebo-controlled clinical studies in Asian populations with BPH/LUTS \[[@B11][@B12][@B13][@B14]\]. An integrated analysis of Korean populations from these studies showed that tadalafil 5 mg once daily (quaque die \[everyday\], QD) produced clinically meaningful improvements in voiding and storage symptoms and QoL over 12 weeks \[[@B10]\]. However, little is known about the safety and effectiveness of tadalafil for the treatment of BPH/LUTS in real-world clinical settings.

The current paper reports the results of a post-marketing surveillance study conducted between May 21, 2012 and May 20, 2016 to monitor the safety and effectiveness of tadalafil 5 mg QD among Korean men with BPH/LUTS. Our results provide insights into the safety and effectiveness of this treatment in common clinical practice, including measures of patient QoL.

MATERIALS AND METHODS
=====================

1. Study design and patients
----------------------------

This was a prospective, non-interventional, post-marketing surveillance study of Korean men being treated with tadalafil 5 mg QD for BPH/LUTS with and without ED, conducted in an ambulatory care setting. The safety population included all patients who received at least 1 dose of tadalafil 5 mg, including those who discontinued early, if safety follow-up occurred within 30 days of discontinuation. Patients were followed-up either to the last treatment (if they discontinued treatment prior to 12 weeks) or for surveillance periods of 12±2 or 24±2 weeks. The study population for the effectiveness analyses included all patients with a baseline and endpoint observation (at 12±2 or 24±2 weeks or at an early discontinuation visit).

2. Ethics statement
-------------------

Each center\'s institutional review board or independent ethics committee approved this study, and all patients provided their written informed consent, in accordance with the guiding principles of the Declaration of Helsinki. Treatment for BPH was prescribed according to the usual standard of care and was not provided by the study sponsor.

3. Inclusion and exclusion criteria
-----------------------------------

The patients included in the study were ≥19-year-old males who had been diagnosed with BPH/LUTS with or without ED and who were newly prescribed tadalafil 5 mg QD. Patients were excluded if they had taken tadalafil 5 mg in the past, were currently receiving a combination of tadalafil 5 mg and other treatment for ED, or were simultaneously participating in a different study involving an intervention and/or investigational drug. Patients with any of the following contraindications were also excluded: use of any form of organic nitrate, hypersensitivity to tadalafil, diagnosis of hereditary degenerative retinal disorders, hereditary galactose intolerance, Lapp lactase deficiency, glucose-galactose malabsorption, non-arteritic anterior ischemic optic neuropathy, or specified cardiac and cardiovascular diseases. The decision to enroll a patient was made at the discretion of the investigator.

4. Endpoints
------------

Data were reported in a case report form by investigators. The primary endpoint was to evaluate the safety of tadalafil 5 mg treatment by analyzing the incidence of treatment-emergent adverse events (TEAEs) and serious adverse events (SAEs). TEAEs were classified according to the Medical Dictionary for Regulatory Activities version 19.0, with System Organ Class and Preferred Terms as the first and second levels, respectively. The secondary end-point was to analyze treatment effectiveness. Investigators used the verified Korean-language version of the International Prostate Symptom Score (IPSS) questionnaire \[[@B15]\] to assess the severity of symptoms at the study baseline and at each endpoint. Each question was scored from 0 to 5 for a total IPSS range of 0 to 35 points, with higher scores representing greater severity. The storage subscore (sum of questions 2, 4, and 7), voiding subscore (sum of questions 1, 3, 5, and 6), and QoL index (score of the QoL question) were also derived. A ≥3-point improvement in total IPSS was considered clinically meaningful \[[@B16]\].

Patient demographics, disease duration, BPH treatment history, BPH-relevant surgical history, comorbid diseases, previous PDE-5 inhibitor treatment, concomitant medications, and ≥22-week tadalafil use were assessed in relation to safety and effectiveness.

5. Statistical analysis
-----------------------

Descriptive statistics are presented as mean±standard deviation (SD) for continuous variables, unless otherwise indicated, and frequency and percentages are presented for categorical variables. The 95% confidence interval for TEAE incidence was calculated using the Clopper-Pearson exact method. For effectiveness analyses, changes in the IPSS score from baseline to endpoint were analyzed using the paired t-test. As the number of patients completing the 12±2-week follow-up differed from the number completing the 24±2-week follow-up, 2 separate analyses were conducted to determine the effectiveness outcomes. Differences for factors of interest were tested either by the 2-sample t-test or the Fisher exact test for categorical variables. In a sensitivity analysis, the visit windows were extended to 12±6 weeks and 24±6 weeks in order to include more patients. No imputation was applied for missing data or discontinuations. A 2-sided p-value of \<0.05 was considered to indicate statistical significance. Due to the exploratory purposes of this study, the multiplicity was not adjusted. All analyses were conducted using SAS ver. 9.2 or higher (SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

1. Analysis populations
-----------------------

A total of 637 patients were included in the safety analysis, and their baseline demographics and clinical characteristics are shown in [Table 1](#T1){ref-type="table"}. Of these, 265 patients were included in the 12-week effectiveness evaluation, and 44 patients were included in the 24-week surveillance effectiveness analysis ([Fig. 1](#F1){ref-type="fig"}).

2. Demographics, baseline clinical characteristics, concomitant medications, and drug exposure
----------------------------------------------------------------------------------------------

The mean age of the safety population was 57.8±9.0 years ([Table 1](#T1){ref-type="table"}), ranging from 30 to 86 years, with 83.7% (n=533) patients aged ≥50 years and 21.5% (n=137) aged ≥65 years. The majority of patients (65.5%) had BPH/LUTS for \<12 weeks prior to initiating treatment, and 18.3% had a history of PDE-5 inhibitor use ([Table 1](#T1){ref-type="table"}). Common comorbidities included diseases of the genitourinary (72.1%), circulatory (25.9%), and endocrine, nutritional, and metabolic systems (26.1%) ([Table 1](#T1){ref-type="table"}). In accordance with this, a relatively high number of patients used concomitant medications throughout the study period, the most common of which were for genitourinary system (74.1%) and cardiovascular and hematopoietic system diseases (30.7%) ([Table 2](#T2){ref-type="table"}). Of the patient population examined in the effectiveness analyses, 27.8% (10 of 36), 73.1% (117 of 160), and 81.2% (56 of 69) had mild (total IPSS ≤7), moderate (total IPSS 8\~19), and severe (total IPSS ≥20) BPH/LUTS, respectively, at baseline. Patients received tadalafil 5 mg QD over a mean administration period (±SD) of 15.8±13.3 weeks ([Table 3](#T3){ref-type="table"}).

3. Safety: treatment-emergent adverse events
--------------------------------------------

Two percent of patients (n=13) experienced 15 TEAEs of mild (n=10; 66.7%) or moderate (n=5; 33.3%) severity. No severe TEAEs and no SAEs were reported. Causal relationships between TEAEs and the study medication were considered as 'possible' (n=8; 53.3%) or 'unlikely' (n=7; 46.7%) by investigators, with no TEAEs classified as 'certain' or 'probable/likely' associated with the treatment. The most frequently reported TEAEs were headache (0.5%; 3 of 637 patients, 3 events) and hot flashes (0.3%; 2 of 637patients, 2 events) ([Table 4](#T4){ref-type="table"}). Six patients (6 of 637; 0.9%) reported TEAEs (8 events) as the reason for abandonment at follow-up. No significant differences in the incidence of TEAEs were found when analyzed according to several factors, including age ≥65 years, disease duration, BPH treatment history, BPH-relevant surgical history, comorbid diseases, previous PDE-5 inhibitor treatment, and concomitant medication usage ([Table 5](#T5){ref-type="table"}). When analyzed by the total duration of tadalafil administration, TEAEs were only found in patients receiving treatment for \<22 weeks (N=454) and not in those receiving treatment ≥22 weeks (N=174; p=0.0243; [Table 5](#T5){ref-type="table"}).

4. Effectiveness: International Prostate Symptom Score
------------------------------------------------------

The mean IPSS scores and change from baseline were plotted for each endpoint ([Fig. 2](#F2){ref-type="fig"}). Statistically significant changes from baseline were observed for the IPSS total score at both the 12- and 24-week endpoints, as well as for the IPSS storage subscore, voiding subscore, and QoL subscore ([Fig. 2B](#F2){ref-type="fig"}). Regardless of baseline BPH/LUTS severity, the majority (69.1%; 183 of 265) of patients had a ≥3 score decrease in their total IPSS, which was considered a clinically meaningful improvement. The effectiveness of tadalafil was not found to be influenced by advanced age (≥65 years of age), disease duration, BPH-relevant surgical history, or previous PDE-5 inhibitor usage for either surveillance period (data not shown). Statistically significant changes were found at 12 weeks for patients with a BPH treatment history (140 of 265 *vs*. 125 of 265 with no history; mean change in total IPSS \[±standard error, SE\] −5.2±0.4 *vs*. −4.0±0.4, respectively; p=0.0308) and patients taking concomitant medications (179 of 265 *vs*. 86 of 265 not on concomitant medication; mean change in total IPSS change \[±SE\] −5.1±0.4 *vs*. −3.7±0.4, respectively; p=0.0217). The most common concomitant medications in the latter analysis were for genitourinary (140 of 179), cardiovascular and hematopoietic (54 of 179), and gastrointestinal and hepatobiliary system (35 of 179) disorders. Further, patients receiving treatment for ≥ 22 weeks (113 of 264) showed a greater improvement in the total IPSS than those in the \<22 weeks group (151 of 264) (mean change in total IPSS \[±SE\] −6.0±0.5 *vs*. −3.7±0.3, respectively; p\<0.0001). Significantly greater improvements in symptoms were also found at the 24-week endpoint for those patients with a comorbidity (38 of 44 vs 6 of 44 without a comorbidity; mean change in total IPSS \[±SE\] −7.0±0.7 *vs*. −2.5±0.9, respectively; p=0.0154), with the comorbidities primarily comprising genitourinary diseases (31 of 44). In the sensitivity analysis (endpoints ±6 weeks), statistically significant changes in the IPSS total score and subscores were observed at both endpoints, consistent with the original analyses (data not shown).

DISCUSSION
==========

This study demonstrates that tadalafil 5 mg QD for the treatment of BPH/LUTS had favorable safety and effectiveness in a real-world clinical setting. A relatively low number of mild to moderate TEAEs were reported, with their incidence not significantly associated with any baseline parameter. In contrast to other drug therapies available in South Korea for BPH/LUTS, such as α-blockers and 5-α-reductase inhibitors \[[@B7][@B17]\], none of the TEAEs were associated with sexual dysfunction, supporting results from previous clinical studies \[[@B11][@B12][@B13][@B14][@B18][@B19][@B20][@B21]\]. Currently, tadalafil is the only drug available in South Korea for the treatment of both BPH/LUTS and ED that is not associated with sexual dysfunction side effects, and it is the only daily treatment approved for BPH/LUTS \[[@B17]\]. Interestingly, TEAEs were reported only by patients receiving treatment for \<22 weeks and not by those receiving ≥22 weeks of treatment. This suggests that tadalafil use for ≥22 weeks may be well tolerated; however, this finding is confounded by the fact that the \<22-week group contained a greater proportion of the safety population than the ≥22-week group.

In terms of effectiveness, both the general population and patients aged ≥65 years showed significant improvements in the total IPSS, IPSS subscores, and the QoL index, which were sustained in the 24-week surveillance group. The current data indicate that a prior history of BPH treatment and concomitant medication usage at the 12-week endpoint and comorbidity at the 24-week endpoint may be favorably associated with tadalafil-mediated improvement of BPH/LUTS. Since the concomitant medications and comorbidities were largely related to urogenital disorders, these findings are not surprising given the known or suspected broad actions of tadalafil across the lower urinary tract (*e.g*., vasodilation, anti-inflammatory, and antiproliferative actions) \[[@B4][@B8][@B22]\]. However, due to the relatively small study populations, particularly in the 24-week analyses (largely due to many study sites \[22 of 29\] opting not to participate in the longer surveillance period), the clinical relevance of these findings is not yet clear.

Due to the inherently observational nature of post-marketing surveillance studies, additional limitations on the interpretation of the current data exist. Notably, the study lacked parallel control and comparator groups within the same study cohort, and the safety and effectiveness outcomes of tadalafil 5 mg QD could only be determined based on the change from baseline for each patient. However, the safety and effectiveness demonstrated for tadalafil 5 mg QD treatment in this BPH/LUTS Korean patient population is consistent with that observed in previous randomized, placebo-controlled clinical studies investigating 12-week tadalafil 5 mg treatment in Asian \[[@B11][@B12][@B13][@B14]\] and Caucasian \[[@B18][@B19][@B20][@B21]\] populations with BPH/LUTS. A series of analyses integrating the data pooled from different subsets of these clinical trials consistently found that tadalafil 5 mg QD progressively and significantly improved IPSS total scores over 12 weeks compared to placebo, simultaneously improving ED, with no serious safety concerns \[[@B10][@B22][@B23][@B24]\]. In the future, larger studies are desirable in order to determine the potential influences of specific additional BPH medications (*e.g*., α-blockers and 5-α-reductase inhibitors) and other functional bladder diseases (*e.g*., neurogenic bladder and overactive bladder) on the effectiveness of tadalafil.

CONCLUSIONS
===========

This study adds to the existing data on tadalafil 5 mg QD for the treatment of BPH/LUTS, demonstrating that the favorable safety and effectiveness observed in clinical studies for tadalafil extends to a real-world clinical setting. Further, this study reinforces the data on tadalafil 5 mg QD as a safe and effective treatment for the management of patients with BPH/LUTS with and without ED as a comorbidity.
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###### Baseline demographics and clinical characteristics of the safety population
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  Characteristic                                                           Safety population (N=637)
  ------------------------------------------------------------------------ ---------------------------
  Age (y)                                                                  57.8±9.0
   ≥65                                                                     137 (21.5)
  Height (cm) (Nx=584)                                                     169.7±5.4
  Weight (kg) (Nx=584)                                                     70.8±8.1
  BPH/LUTS duration^a^ (wk) (Nx=556)                                       
   Mean                                                                    51.0±119.5
   Median                                                                  1.3
  BPH/LUTS duration period (wk) (Nx=556)                                   
   \<12                                                                    364 (65.5)
   ≥12 to \<16                                                             9 (1.6)
   ≥16 to \<20                                                             10 (1.8)
   ≥20 to \<24                                                             10 (1.8)
   ≥24                                                                     163 (29.3)
  BPH treatment history (yes)                                              291 (45.7)
  BPH-relevant surgical history (yes)                                      16 (2.5)
  Comorbid diseases^b^ (yes)                                               463 (72.7)
   Genitourinary system                                                    334 (72.1)
   Circulatory system                                                      120 (25.9)
   Endocrine, nutritional and metabolic                                    121 (26.1)
   Neoplasms                                                               22 (4.8)
   Digestive system                                                        38 (8.2)
   Musculoskeletal and connective tissue                                   20 (4.3)
   Mental and behavioral                                                   11 (2.4)
   Respiratory system                                                      13 (2.8)
   Skin and subcutaneous tissue                                            12 (2.6)
   Eye and adnexa                                                          10 (2.2)
   Nervous system                                                          8 (1.7)
   Certain infectious and parasitic diseases                               9 (1.9)
   Factors influencing health status and contact with health services      7 (1.5)
   Injury, poisoning, and certain other consequences of external causes    5 (1.1)
   Ear and mastoid process                                                 4 (0.9)
   Congenital malformations, deformations, and chromosomal abnormalities   1 (0.2)
   Blood and blood-forming organ/immune                                    1 (0.2)
   Symptoms, signs, and abnormal clinical and laboratory findings, NEC     27 (5.8)
  Previous PDE-5 inhibitor use (Nx=635)                                    116 (18.3)

Values are presented as mean±standard deviation, number (%), or median only. Nx: number of patients with non-missing information (only these were included in the analysis), BPH: benign prostatic hyperplasia, LUTS: lower urinary tract symptoms, NEC: not elsewhere classified, PDE-5: phosphodiesterase type 5. aDuration=\[(Date of medication start)(Date of initial diagnosis)+1\]/7. bCoding dictionary: Seventh Korean Classification of Diseases. Patients may appear in \>1 category.

###### Concomitant medication by medical specialty
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                                                 Safety population (N=637)
  ---------------------------------------------- ---------------------------
  Concomitant medication usage                   
   Yes                                           420 (65.9)
   No                                            217 (34.1)
  Classifications of concomitant medication^a^   
   Genitourinary system                          311 (74.1)
   Cardiovascular and hematopoietic systems      129 (30.7)
   Central nervous system                        70 (16.7)
   Gastrointestinal and hepatobiliary systems    66 (15.7)
   Endocrine and metabolic systems               55 (13.1)
   Hormones                                      19 (4.5)
   Musculoskeletal system                        20 (4.8)
   Vitamins and minerals                         16 (3.8)
   Systemic anti-infectives                      17 (4.1)
   Dermatologicals                               10 (2.4)
   Respiratory system                            6 (1.4)
   Allergy and immune systems                    4 (1.0)
   Oncology                                      2 (0.5)
   Eye                                           2 (0.5)
   Ear and mouth/throat                          1 (0.2)
   Nutrition                                     1 (0.2)
   Miscellaneous                                 1 (0.2)

Values are presented as number (%). aCoding dictionary: Korean Index of Medical Specialties. Patients may appear in \>1 category.

###### Exposure to tadalafil
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  Exposure                                      Safety population (N=637)
  --------------------------------------------- ---------------------------
  Total administration duration (wk) (Nx=628)   
   Mean                                         15.8±13.3
   Median                                       13.0 (0.1--108.9)
  Treatment period (wk) (Nx=628)                
   \<12                                         239 (38.1)
   ≥12 to \<16                                  183 (29.1)
   ≥16 to \<20                                  25 (4.0)
   ≥20 to \<24                                  15 (2.4)
   ≥24 to \<28                                  114 (18.2)
   ≥28                                          52 (8.3)

Values are presented as mean±standard deviation, median (range), or number (%). Nx: number of patients with non-missing information (only these patients were included in the analysis).

###### TEAEs by MedDRA system organ class and preferred terms
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  System organ class (preferred term)                   Patient with TEAE (N=637)   Mild TEAE   Moderate TEAE   Total TEAE
  ----------------------------------------------------- --------------------------- ----------- --------------- ------------
  Nervous system disorder                               5 (0.8)                     4           1               5 (33.3)
   Headache                                             3 (0.5)                     2           1               3 (20.0)
   Dizziness                                            1 (0.2)                     1           0               1 (6.7)
   Somnolence                                           1 (0.2)                     1           0               1 (6.7)
  Vascular disorder                                     3 (0.5)                     2           1               3 (20.0)
   Hot flush                                            2 (0.3)                     2           0               2 (13.3)
   Flushing                                             1 (0.2)                     0           1               1 (6.7)
  Musculoskeletal and connective tissue disorder        1 (0.2)                     1           0               1 (6.7)
   Limb discomfort                                      1 (0.2)                     1           0               1 (6.7)
  General disorders and administration site condition   1 (0.2)                     0           1               1 (6.7)
   Pyrexia                                              1 (0.2)                     0           1               1 (6.7)
  Eye disorder                                          1 (0.2)                     1           0               1 (6.7)
   Ocular hyperemia                                     1 (0.2)                     1           0               1 (6.7)
  Renal and urinary disorder                            1 (0.2)                     1           0               1 (6.7)
   Micturition urgency                                  1 (0.2)                     1           0               1 (6.7)
  Skin and subcutaneous tissue disorder                 1 (0.2)                     0           1               1 (6.7)
   Swelling face                                        1 (0.2)                     0           1               1 (6.7)
  Respiratory, thoracic, and mediastinal disorder       1 (0.2)                     0           1               1 (6.7)
   Dyspnea                                              1 (0.2)                     0           1               1 (6.7)
  Investigation                                         1 (0.2)                     1           0               1 (6.7)
   Semen volume decreased                               1 (0.2)                     1           0               1 (6.7)
  Total                                                 13 (2.0)                    10          5               15 (100)

Values are presented as number (%). Patients may appear in \>1 category. TEAE: treatment-emergent adverse events, MedDRA: Medical Dictionary for Regulatory Activities version 19.0.

###### TEAEs by factors
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  Factor                                    Patients with TEAE   95% CI^a^ for percentage   TEAEs   Safety population (N=637)
  ----------------------------------------- -------------------- -------------------------- ------- ---------------------------
  Age of population (y)                     0.3178                                                  
   \<65                                     12 (2.4)             1.3--4.2                   14      500 (78.5)
   ≥65                                      1 (0.8)              0.0--4.0                   1       137 (21.5)
  Disease duration (wk) (Nx=556)            0.0742                                                  
   \<12                                     8 (2.2)              1.0--4.3                   8       364 (65.5)
   ≥12 to \<16                              1 (11.1)             0.3--48.3                  1       9 (1.6)
   ≥16 to \<20                              0 (0.0)              0.0--30.9                  0       10 (1.8)
   ≥20 to \<24                              1 (10.0)             0.3--44.5                  3       10 (1.8)
   ≥24                                      1 (0.6)              0.0--3.4                   1       163 (29.3)
  BPH treatment history                     0.5974                                                  
   Yes                                      5 (1.7)              0.6--4.0                   7       291 (45.7)
   No                                       8 (2.3)              1.0--4.5                   8       346 (54.3)
  Relevant surgical history                 1.0000                                                  
   Yes                                      0 (0.0)              0.0--20.6                  0       16 (2.5)
   No                                       13 (2.1)             1.1--3.6                   15      621 (97.5)
  Comorbidities                             0.5304                                                  
   Yes                                      11 (2.4)             1.2--4.2                   13      463 (72.7)
   No                                       2 (1.2)              0.1--4.1                   2       174 (27.3)
  Concomitant medications                   1.0000                                                  
   Yes                                      9 (2.1)              1.0--4.0                   9       420 (65.9)
   No                                       4 (1.8)              0.5--4.7                   6       217 (34.1)
  Previous PDE-5 inhibitor use (Nx=635)     1.0000                                                  
   Yes                                      2 (1.7)              0.2--6.1                   2       116 (18.3)
   No                                       11 (2.1)             1.1--3.8                   13      519 (81.7)
  Duration of tadalafil use (wk) (Nx=628)   0.0243                                                  
   \<22                                     13 (2.9)             1.5--4.9                   15      454 (72.3)
   ≥22                                      0 (0.0)              0.0--2.1                   0       174 (27.7)

Values are presented as number (%). TEAE: treatment-emergent adverse event, CI: confidence interval, Nx: number of patients with non-missing information (only these patients were included in the analysis), BPH: benign prostatic hyperplasia, PDE-5: phosphodiesterase type 5. aCalculated by exact methods.
